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Abstract.-Missing tree heights are often problematic 

in compiling forest inventory renleasureinent data. 

Heights for cut and niortality trees are usually not avail- 

able; calculations of removal or mortality volumes must 

utilize either a modeled height at the time of tree death 

or the height assigned to the tree at a previous remea- 

surement. Less often, tree heights are not available for 

trees that were determined to be missed tally trees in an 

initial inventory. In these cases, a height is available for 

the current measurement, but the initial tree lieight must 

be  modeled or estimated. In this paper, we present a 

procedure for predicting either a time 1 or time 2 

height. The procedure uses actual tree height informa- 

tion for a tree collected at time 1 or time 2 if available. 

Incorporating tlie relationship between actual tree 

lieigl~t to predicted height provides for an adjustment to 

height equations that do not incorporate site quality and 

stand parameters. 

Missing tree heights are a common occurrence in broad forest 

inventories. They are relatively rare in an initial installation of 

inventory plots. Most missing tree heights are encountered dur- 

ing the remeasurement of a previously installed plot where ini- 

tial inventory (time 1) tree heights are recorded. During the 

renleasurement of inventory plots, the need to supply a value 

for a missing tree height arises pri~narily from the follo\ving 

situations. 

I .  A previously measured tree is missing at time 2 due to nat- 

ural nlortality or cutting; a height at the time of tree death 

is needed to compute the tree's volume, which is assigned 

to mortality or removals. 

2. A previously ~neasureci tree grows across a merchantability 

threshold for volume calculation: a height for the tree at 

the threshold diameter at breast height (ci.b.h.) is needed to 

accurately calculate ingrowth volume. 

3. A time 2 inventory tree is determined to have been missed 

by the previous field crew or the previous height is known 

to be an error; a time 1 tree height is needed to compute 

the tree's time 1 volume. 

To illustrate the above examples, Forest Inventory and 

Analysis (FIA) data from a recent inventory in South Carolina 

were examined. Out of more than 1 11,000 trees tallied for cur- 

rent inventory estimates, far less than I percent required a 

modeled height. Data recorder software and editing procedures 

eliminated almost all missing or invalid heights. However, 

nearly one out of three trees in the remeasurement sample 

(trees measured 8 years earlier) required a modeled height. 

Fifteen percent of the trees were cut. 4 percent died from natu- 

ral causes, 9 percent grew across the growing-stock or sawtim- 

ber vol~tnie threshold, and 2 percent were survivor or missed 

trees that required a modeled height at time I for vario~ts rea- 

sons. These examples illustrate that tree heights must be mod- 

eled often in operational inventories. The procedures utilized in 

dealing with missing tree heights must accurately account for a 

wide range of sitc and stand parameters. The values used for 

missing heights in a renieasureme~lt inventory can have a major 

impact on growth, removal, and mortality volume calculations. 

The FIA program is currently developing nationally con- 

sistent procedures for collecting and compiling inventory data. 

While initial compilation efforts have focuseci on current inven- 

tory procedures, the developrnent of remeasurement procedures 

is undenvay. Accurate estimates of change (growth, removals, 

and mortality) will rcquirc viable, consistent procedures for 

deaiing with missing tree heights in rcmeasureme~it settiiigs. 

Large changes in tree heigkts from time 1 to time 2 in remea- 

sure~nent settings can have severe adverse effects on compo- 

nents of change estimates. In this paper, we present a procedure 

for dealing with missing tree heights that is simple, allows the 

use of any tree height model, and produces a modeled tree 

height in ren~easurement settings that is relatively stable relative 

to the actual measured height of the tree at time I or time 2. 
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Methods 

The procedures selected for use in FIA inventory computations 

cannot possibly address all stand, site, and tree parameters 

because of the diversity encountered across 12ge regions and 

the Nation. There are many different methodologies utilized by 

the regional FIA units to model tree heights. We have not 

assembled a list of those procedures here because no single 

total height equation or set of equations exists that will perform 

optimally across all regions. Therefore, the retention of regional 

FIA methodologies for many computations, including tree 

height models, is necessary for the immediate future. However, 

we can implement procedurcs that in~prove upon the raw, initial 

tree heights produced by these equations. 

In remeasurement situations, as documented above. we 

always have soine information about each tree that can improve 

our ability to accurately predict an unknown height. We usually 

have knowledge of the tree's species, d.b.h. and height, either 

merchantable length or total height. This information is avail- 

able for the time 1 iiiventory or for the time 2 inventory. We 

can obtain a predicted tree height from a model or equation and 

use this value unaltered for con~putations of tree volume and 

growth. However, unless the model incorporates all site and 

stand parameters that inay impact tree height relationships, 

abnormal changes in tree height can result. These changes will 

impact volun~e and growth con~putations. One can produce a 

modeled height that is harmonized with an actual measured 

height for the tree using the following equation. 

Where 

H,, = final modeled total height 

K, = actual (measured) height 

Kt,, = predicted height for tree with known height 

Urn = predicted height for tree with unknown height 

This equation rnay be used to predict a missing tree height 

at time 2 (cut or mortality tree) or a missing tree height at time 

1 (missed tree or erroneous initial tree height). The procedure 

makes adjust~nents to raw predicted height valucs from any 

equation. The adjustments account for site and stand parame- 

ters that have influenced the height development of each indi- 

vidual tree. While stand composition and structural characteristics 

change due to increasing age and disturbances, the relationship 

between actual height and modeled height should remain viable 

for relatively short remeasuren~ent periods of 10 years or less. 

Examples 

The following exaniples illustrate the calculation of missing 

height values for some of the situations described earlier. The 

examples use data and height equations fro111 the FIA unit at 

the Southern Research Station (SRS-FIA) to illustrate the effect 

of the harmonic proportioning equation. D.b.h. and bole length 

(BL) are the two independent variables in the equations used to 

derive the initial estimate for a missing height. 

(2) 
Y = a +b(d.b.h.) Trees 1.0 to 4.9 inches d.b.h. 

Where 

Y = predicted height 

d b. h. = diameter at breast height 

a and b are species specific coefficients 

Trees 5.0 inches d.b.h. and larger. 

Where 

BL = predicted length from I .&foot stump to 4.0-inch top 

diameter (outside bark) 

d.l.h.h. - diameter at brcast height 

cf and b are species specific coefficients (table 1)  

~ = a + b ( B L ) + c  
dl? (4) 

Trees 5.0 inches d.b.h. and larger. 

Where: 

Y = predicted height 

BL = bole length 

d. b.12. - diameter at breast height 

n, h and c species specific total height coefficients (table 2) 
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Table 1.-Cogfl?cientsfor bole lertgth equation by FIA species code 
-- 

Species code a b Species code a 
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The equations use coefficients for 77 species or species- 

groups in the South. Whereas total stem length is the height 

value utilized in current volume prediction equations, many of 

the previous inventories in the South measured nterchantable 

height and modeled total height values from the bole length. 

Thus, equations are still needed to predict bole length as well 

as a total height equation utilizing bole length as an independ- 

ent variable. With total height as the only measured height vari- 

able involved in remeasurement plots, a single equation similar 

to equation (1) can be used to model total heights of trees 5.0 

inches and larger. 

It should also be noted that d.b.h. is often missing when 

tree height is missing. For example, both d.b.h. and height are 

unknown for a tree at the time it was cut. The following exani- 

ples use nlodeled d.b.11. values in such instances. 

Example 1: Missing Time 1 Tree Iieight (Missed Tree At 

Time 1) 

Species: chestnut oak (Qzlercus yrinus--species code 832) 

Time 1 d.b.h.: 19.8 inches (modeled) 

Time 2 d.b.h.: 22.0 inches (measured) 

Time 2 total height: 72 feet (measured) 

Step one: Calculate modeled time 2 bole length (equation 3) 

BL = A + B*SQRT (logio (d.b.h.)) 

BL= -94.85546 + 133.493232"SQRT (10g~(~(22.0)) 

BL= 59.8 13755 

Step two: Calculate rnodcled time 2 total length (equation 4) 

Y= A + B (BL) +G (li(d.b.11.)') 

Y= 21.244492 + 0.907202(59.8 13755) 4- 

141.15i11(1/(22.0~) 

Y= 75.799285 

Step three: Calculate modeled time I bole length (equation 3) 

BL - A +- B"SQRT (log,o (d.b.h.)) 

BL= -94.85546 + 133.493232"SQRT (logln ( 1  9.8)) 

BL= 57.154893 

Step four: Calculate modeled time L total length (equation 4) 

Y=: A + B (BL) + C (Ii(d.b.h.)') 

Y= 2 1.244492 + 0.907202(57.154893) + 

Step five: Calculate harmo~~ically proportioned total length for 

time I (equation 1 )  

H,,, = (K,/K,,)*U,, 
H,, = (72.0175.799285) * 73.455568 

H,,, = 69.8 (final estimate for initial tree height) 

In this example, the first estimate of time 1 total height 

was 73 feet, which was greater than the measured value for the 

tree at time 2. The proportioning procedure results in a more 

realistic value that is consistent with d.b.h, change. 

Example 2: Missing Time 2 Tree Height (Cut Tree) 

Species: longleaf pine (Pinus yalustris--species code 12 1) 

'Time 1 d.b.h.: 6.0 inches (measured) 

Time 2 d.b.h.: 8.0 inclies (modeled) 

Time 1 total height: 54 feet (measured) 

Step one: Calculate modeled time 1 bole length (equation 3) 

BL = A + B * SQRT (log,, (d.b.h.)) 

BL = -1 19.432052 + 164.99968*SQRT (loglo (6.0)) 

BL = 26.11 889 1 

Step two: Calculate modeled time 1 total length (equation 4) 

Y = A + B (BL) + G (li(d.b.h.)') 

Y = 7.729578 t- 1.038906 (26.11 889 1) + 
460.4445 1 ( Ii(6.0)*) 

Y = 47.65478 

Step three: Calculate modeled time 2 bole length (equation 3) 

BL = A + B*SQRT (log,, (d.b.h.)) 

BL = -1 19.432082 + 164.99968"SQRT (log,, (8.0)) 

BL = 37.368841 

Step four: Calculate modeled time 2 total length (equation 4) 

Y - A + B (BL) + C (li(d.b.h.)') 

Y - 7.729578 + 1.038906 (37.368841) 

460.4445 i (  li(K.0)') 

Y = 53.74674 
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Tablc 2.-Coeficientsfor total tree freight equation by FL4 spec1t.s code 

Species code a b c Species code d b c 
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Step five: Calculate harmo~~ically proportioned total length for 

time l (equation 1) 

H, = (K$K,,)*U,,, 
H, =. (54.0 / 47.65478) * 53.74674 

H, = 60.9 (final estimate for terminal tree height) 

This example illustrates the value of using the harn~onic 

proportioning procedure to adjust initial predicted values for 

site and stand conditions. The first estimate of total height at 

time of cutting was 54 feet, an average value for the species 

and d.b.h, If we used this value, there would be no height 

growth recorded for the tree. However, tbe relationship 

between actual height and predicted height at time I provides a 

site- and stand-specific ratio to use in producing a more likely 

height value of 6 1 feet. 

Example: Calculate Probable Height at Time of Ingrowth 

Species: yellow-poplar (Liriodendron tzllipijkr-a-species code 

621) 

Time 1 d.b.h.: 2.5 inches (measured) 

Time 2 d.b.h.: 6.8 inches (measured) 

Time 1 total height: 24 feet (measured) 

Time 2 total height: 49 feet (measured) 

In this example, we have a known d.b.h. and total heigl~t at 

both timc 1 and timc 2; wc want to obtain a height whcn the 

tree crossed tllc merchantability thresholcS for volume calcula- 

tion, which is 5.0 inches d.b.h. We could use the time 1 or timc 

2 actual values in thc calculation of the proportion-we use 

time 2 valucs here. 

Step one: Calculate modeled tirnc 2 bole length (equation 3) 

BL =I A + B * SQRT (log,, (d.b.h.)) 

BL = -148.83 103 1 + 197.806215"SQRT (log,, (6.8)) 

BL = 31.651 170 

Step two: Calculate modeled time 2 total length (equation 4) 

Y - A  + B (BL) + C (l/(d.b.h.)') 

Y = 20.671028 + 0.956696 (3 1.65 11  70) i- 2 19.505 156 

(1/(6.8)2) 

Y = 55.69866 

Step three: Calculate modelcd bole Iength at ingrowth d.b.h. 

(equation 3) 

BL = A i- B*SQRT (log,, (d.b.h.)) 

BL - -148.831031 + 197.806215"SQRT (loglo (5.0)) 

BL = 16.543720 

Step four: Calculate modeled total Iength at ingrowth d.b.h. 

(equation 4) 

Y = A + I3 (BL) + C (li(d.b,h.)2) 

Y = 20.67 1028 + 0.956696 (1 6.543720) t 2 19.505 156 

(1 /(5 .(I)') 

Y = 45.27854 

Step five: Calculate harmonically proportioned total lengtl~ at 

ingrowth d.b.h. (equation 1) 

1-~1,1 = (KalKm)*Um 

HI,  = (49.0 155.69866) * 45.27854 

FI,, = 39.8 (final estimate for tree height at ingrowth d.b.11.) 

The tree in this example has achieved height growth well 

less than average bascd upon the relationship of predicted ver- 

sus actual height at time 2. As a result, the modeled height val- 

ues at the time of ingrowth into the merchantable volulne 

category are adjusted downward accordingly. 

Discussion 

The harmonic proportioning procedure presented abovc has 

been operational In rcmeasurcmcnt inventory processing procc- 

dures at SRS-FIA for several years. It is effective in preventing 

unnecessary fluctuatiorls in modcled tree hcigl~ts and resulting 

volumes. The procedure is easily incorporated into existing 

height calculations and works with any equation or model that 

provides an initial estimate for a missing height. It effectively 

accounts for much of the influence that site and stand condi- 

tions have on tree height if remeasurement cycles are not 

excessively long. 
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